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ABSTRACT 

PURPOSE: To provide the active matrix liquid crystal display device which can 
be manufactured by a small number of times of etching and can improve 
productivi ty. 

CONSTITUTION: Inside the same layer on an insulated substrate 36, mutually 
orthogonally intersecting gate line 37, signal line 38, gate electrode 39, drain 
electrode 40, spare capacity line, spare capacity electrode 41 and source 
electrode 42 are formed by etching. At the intersecting part of the gate line 37 
and the signal line 38, the gate line 37 is divided so as not to be in contact 
wi th the signal I ine 38 and covered by a gate insulating layer 43 and afterwards, 
connection 52, 53 and 54 of through holes are formed at both parts corresponding 
to the gate electrode 39 and the source electrode 42 and a part corresponding to 
the divided terminal part. When forming a picture element electrode, a gap between 
the source electrode 42 and a picture element electrode 51, a gap between 
the gate are source electrodes 39 and 42 and an ohmic contact layer 49 and a 
gap between the disconnected lines are connected through the connection parts 52, 
53 and 54 by any picture element electrode material, respectively. 
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(54) [Title of the Invention] 

Active matrix liquid crystal display device 

(57) [Abstract] 
[Purpose] 

To provide an active matrix liquid crystal display device capable of 
manufacturing with a small number of etching times and improving the productivity. 
[Constitution] 

A gate line 37 and a signal line 38 perpendicular to each other, a gate electrode 
39, a drain electrode 40, an auxiliary capacitor line, an auxiliary capacitor electrode 41, 
and a source electrode 42 are formed by etching in one layer over an insulating substrate 
36. At the intersection of the gate line 37 and the signal line 38, the gate line 37 is 
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separated not to be in contact with the signal line 38 and covered with a gate insulating 
layer. Thereafter, connection portions 52, 53, and 54 of a through hole are formed in a 
portion corresponding to the gate electrode 39 and the source electrode 42 and a portion 
corresponding to the separated edge. During the formation of a pixel electrode, the 
source electrode 42 is connected to the pixel electrode 51, the gate electrode 39 and the 
source electrode 42 are connected to a portion corresponding to an ohmic contact layer 
49, and the separated lines are connected to each other through the connection portions 
52, 53, and 54 by using a pixel electrode material. 
[Scope of Claim] 
[Claim 1] 

An active matrix liquid crystal display device comprising: 
a first substrate having a pixel electrode; and 

a second substrate which is disposed to face the first substrate by interposing a 
liquid crystal layer therebetween and provided with an opposite electrode against the 
pixel electrode, 

wherein the first substrate, which is formed by etching a metal film deposited 
over a light-transmitting insulating substrate, includes: 

a gate line and a signal line which are intersected with each other and one of 
which is separated not to be in contact with the other at the intersection, a gate electrode 
integrated with the gate line and a drain electrode integrated with the signal line, an 
auxiliary capacitor line parallel to the gate line and an auxiliary capacitor electrode 
integrated with the auxiliary capacitor line, and a source electrode disposed near the 
gate electrode; 

a gate insulating layer which is stacked over the insulating substrate where 
each of the electrodes is formed and which is removed by etching to each expose part of 
the drain electrode and the source electrode, and a separated edge at the intersection; 

a semiconductor layer which is stacked over the gate insulating layer and 
formed by etching in a range covering the gate electrode; 

an ohmic contact layer stacked over the semiconductor layer and formed to 
have an opening for partially exposing an upper surface of the semiconductor layer; 

a pixel electrode formed by etching a transparent electrode material stacked 
over the gate insulating layer including the ohmic contact layer, which is near the source 
electrode, a connection portion between the pixel electrode and the exposed portion of 
the source electrode, and the ohmic contact layer, a connection portion between the 
exposed portion of the drain electrode and the ohmic contact layer, and a connection 
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portion between discontinuance ends which is exposed at the intersection; and 

an inorganic protective layer formed to cover the entire except the pixel 
electrode portion. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to an active matrix liquid crystal display device 
having a pixel electrode. 
[0002] 
[Prior Art] 

A recent liquid crystal display device is required to be high contrast, and an 
active matrix type has been widely employed as a driving control system of each pixel. 
A thin film transistor in which amorphous silicon or polycrystalline silicon is used to 
form a semiconductor active layer is given as a typical example of an active element 
used for such an active matrix liquid crystal display device. 
[0003] 

FIGS. 18 show a conventional active matrix liquid crystal display device using 
a reverse stagger type silicon-based thin film transistor as an active element, which has 
an etching stopper layer and an ohmic contact layer formed by a plasma CVD 
(Chemical Vapor Deposition) method. 
[0004] 

In these FIGS. 18, the active matrix liquid crystal display device is 
manufactured with a first substrate 12 and a second substrate 13 which are faced to each 
other by interposing a liquid crystal layer 11 therebetween, and the first substrate 12 is 
formed in the following manner. 
[0005] 

First, reference numeral 15 denotes a light-transmitting insulating substrate 
such as glass. A gate line which is not shown in the figure and a gate electrode 16 
integrated with the gate line; and an auxiliary capacitor line parallel to the gate line and 
an auxiliary capacitor electrode 17 integrated with the auxiliary capacitor line are 
formed on the upper surface of the insulating substrate 15. Then, a plurality of the 
gate lines and the auxiliary capacitor lines that are not shown, which corresponds to the 
number of pixels, is formed in a direction perpendicular to the page. In addition, the 
auxiliary capacitor electrode 17 is disposed near the gate electrode 16. 
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[0006] 

A gate insulating layer 18 is stacked over the insulating substrate 15 in which 
the gate line, auxiliary capacitor line, gate electrode 16, and auxiliary capacitor 
electrode 17 are formed, and a semiconductor layer 19 is stacked over a predetermined 
range of this gate insulating layer 18 where the gate electrode 16 is included. In 
addition, an etching protective layer 20 is stacked over a range of the semiconductor 
layer 19 partially corresponding to the gate electrode layer 16. Further, an ohmic 
contact layer 21 separated at an upper surface of this etching protective layer 20 as 
shown in the figure is formed in a portion of the semiconductor layer 19 except the 
etching protective layer 20. 
[0007] 

In addition, a pixel electrode 22 is stacked over a predetermined range of the . 
gate insulating layer 18 where a portion corresponding to the auxiliary capacitor 
electrode 17 is included. Further, a source electrode 23 is stacked between this pixel 
electrode 22 and the right side portion of the ohmic contact layer 21. In addition, a 
drain electrode 24, integrated with the signal line not shown in the figure, which is 
formed over the gate insulating layer 18, is stacked on the left side portion of the ohmic 
contact layer 21. Then, the signal line is formed in a direction parallel to a page. In 
other words, the signal line is formed so that the signal line and the gate line are 
perpendicular to each other by the gate insulating layer 18 interposed therebetween. 
Further, a thin film transistor including the gate electrode 16, the source electrode 23, 
and the drain electrode 24 is formed in every intersection of the gate line and signal line, 
and the pixel electrode 22 is charged due to the ON operation. 
[0008] 

In addition, each portion except the pixel electrode 22 is covered with an 
inorganic protective layer 25 and further the entire including the pixel electrode 22 is 
covered with an alignment film 26. As shown in FIG. 18 (b), in an external leading out 
electrode portion formed on the edge of the insulating substrate 15, a through hole 27 is 
formed by removing the insulating film formed on the upper surface. 
[0009] 

The second substrate 13 in which an opposite electrode 31 and an alignment 
film 32 are stacked over an opposite substrate 30 such as glass is disposed to face the 
first substrate 12 formed in this manner, and the liquid crystal layer 11 is implanted 
between the first substrate 12 and second substrate 13. Further, the active matrix 
liquid crystal display device is manufactured by providing a polarizing plate 33 on each 
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of the external surfaces of the first substrate 12 and the second substrate 13. 
[0010] 

Next, a method for manufacturing the first substrate 12 is described. First, a 
metal film is formed over the insulating substrate 15 such as glass by sputtering, a 
vacuum vapor deposition method, or the like and then a predetermined shape each 
corresponding to the gate line, the auxiliary capacitor line, the gate electrode 16, and the 
auxiliary capacitor electrode 17 is formed by etching. 
[0011] 

Then, for example, silicon nitride (SiN x ) for the gate insulating layer 18, a-Si 
for the semiconductor layer 19, and further SiNx for the etching protective layer 20 are 
sequentially stacked thereover by a plasma CVD method or the like. Thereafter, the 
SiN x for the etching protective layer 20 disposed on the most upper surface is etched so 
that the etching protective layer 20 remains over the gate electrode 16. 
[0012] 

Thereafter, a low-resistant semiconductor layer, for example, n-type a-Si is 
stacked as the ohmic contact layer 21 by a plasma CVD method. Then, etching is 
performed so that the ohmic contact layer 21 and the semiconductor layer 19 are formed 
in a predetermined range where the upper surface of the gate electrode 16 is included. 
[0013] 

Further, a transparent electrode material, for example, ITO (Indium Tin Oxide) 
is stacked by sputtering, a vacuum vapor deposition method, or the like and further the 
ITO is etched. Accordingly, the transparent pixel electrode 22 is formed. In addition, 
as shown in FIG 18 (b), the film covering over the leading out electrode on the edge of 
the insulating substrate 15 is removed by etching to form the through hole 27. 
[0014] 

After stacking, for example, a metal film such as aluminum by sputtering, a 
vacuum vapor deposition method, or the like, the signal line, the drain electrode 24 
integrated with the signal line, and the source electrode 23 connected to part of the pixel 
electrode 22 are each formed by etching the metal film. Then, the ohmic contact layer 
21 between the source electrode 23 and the drain electrode 24 is removed by etching. 
[0015] 

Then, the inorganic protective layer 25 for protection formed of, for example, 
SiN x is stacked by a plasma CVD method. As shown in the figure, the inorganic 
protective layer 25 over the pixel electrode 22 and the through hole 27 is removed by 
etching. 
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[0016] 

In this manner, the first substrate 12 which is a main portion of the active 
matrix liquid crystal display device using the silicon-based thin film transistor is 
manufactured. In the meantime, there is a light-exposure process referred to as a PEP 
(Photo Engraving Process) before each of the above etching processes. A pattern 
using a photoresist is formed over a substrate by using a mask in this light-exposure 
process. In the conventional manufacturing method, seven masks are used and the 
PEP is performed as much as seven times. 
[0017] 

However, when the number of masks to be used, in other words, the number of 
PEP times is increased, a manufacturing cost including a material cost and a personnel 
cost runs up and tends to cause a defect due to the failure of the PEP, dust, or the like; 
therefore, the yield is decreased. 
[0018] 

Therefore, it is difficult to increase the productivity in the conventional 
manufacturing method in which the PEP is repeated as much as seven times. However, 
some thin film transistors do not have the etching protective layer 20. In this case, six 
masks are used. In the case of a thin film transistor having the etching protective layer 
20, six masks are used as well when the ohmic contact layer 21 is formed by an ion 
implantation method. 
[0019] 

However, in any cases, a large number of PEP times are performed in the 
conventional manufacturing method, and it has been a major problem how this PEP can 
be decreased and how the productivity can be increased. 
[0020] 

[Problem to be Solved by the Invention] 

In this maimer, in the conventional active matrix liquid crystal display device, 
the number of a PEP is large in manufacturing a first substrate which is a main portion 
of the active matrix liquid crystal display device; therefore, there is a problem that it is 
difficult to increase the productivity. 
[0021] 

It is an object of the present invention to provide an active matrix liquid crystal 
display device of which main portion where a pixel electrode is formed can be 
manufactured with a smaller number of PEP times than the conventional one and of 
which productivity can be improved. 
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[0022] 

[Means for Solving the Problem] 

An active matrix liquid crystal display device according to the present 
invention comprises a first substrate having a pixel electrode; and a second substrate 
which is disposed to face the first substrate by interposing a liquid crystal layer 
therebetween and provided with an opposite electrode against the pixel electrode, 
wherein the first substrate, which is formed by etching a metal film deposited over a 
light-transmitting insulating substrate, includes a gate line and a signal line which are 
intersected with each other and one of which is separated not to be in contact with the 
other at the intersection, a gate electrode integrated with the gate line and a drain 
electrode integrated with the signal line, an auxiliary capacitor line parallel to the gate 
line and an auxiliary capacitor electrode integrated with the auxiliary capacitor line, and 
a source electrode disposed near the gate electrode; a gate insulating layer which is 
stacked over the insulating substrate where each of the electrodes is formed and which 
is removed by etching to each expose part of the drain electrode and the source 
electrode, and a separated edge at the intersection; a semiconductor layer which is 
stacked over the gate insulating layer and formed by etching in a range covering the 
gate electrode; an ohmic contact layer stacked over the semiconductor layer and formed 
to have an opening for partially exposing an upper surface of the semiconductor layer; a 
pixel electrode formed by etching a transparent electrode material stacked over the gate 
insulating layer including the ohmic contact layer, which is near the source electrode, a 
connection portion between the pixel electrode and the exposed portion of the source 
electrode, and the ohmic contact layer, a connection portion between the exposed 
portion of the drain electrode and the ohmic contact layer, and a connection portion 
between discontinuance ends which is exposed at the intersection; and an inorganic 
protective layer formed to cover the entire except the pixel electrode portion. 
[0023] 
[Operation] 

According to the present invention, a gate line and a signal line that intersect to 
each other, a gate electrode integrated with the gate line and a drain electrode integrated 
with the signal line, an auxiliary capacitor line parallel to the gate line and an auxiliary 
capacitor electrode integrated with the auxiliary capacitor line, and a source electrode 
are each formed by etching over one layer of an insulating substrate. At the 
intersection of the gate line and the signal line, one that intersects is separated not to be 
in contact with the other and covered with a gate insulating layer. Thereafter, a 
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through hole is formed in each of a portion of the gate insulating layer corresponding to 
the gate electrode and the source electrode and a portion of the gate insulating layer 
corresponding to an edge of the separated line. During the formation of a pixel 
electrode, the source electrode is connected to the pixel electrode, the gate electrode and 
the source electrode are connected to a portion corresponding to an ohmic contact layer, 
and the separated lines are connected to each other through a through hole by using a 
pixel electrode material. Accordingly, the number of etching times can be reduced and 
thus the productivity can be improved. 
[0024] 

[Embodiment] 

Hereinafter, one embodiment of an active matrix liquid crystal display device 
according to the present invention is described with reference to figures. Note that 
portions corresponding to the conventional example shown in FIGS. 18 are described by 
being denoted with the same reference numeral. 
[0025] 

As shown in FIGS. 1, an active matrix liquid crystal display device is 
manufactured with a first substrate 35 and a second substrate 13 which are faced to each 
other by interposing a liquid crystal layer 11 therebetween, and the first substrate 35 is 
formed in the following manner. 
[0026] 

Reference numeral 36 denotes a light-transmitting insulating substrate such as 
glass, and a plurality of gate lines 37 and signal lines 38 perpendicular to each other is 
provided on the upper surface of this insulating substrate 36. As shown in FIG 1 (c) 
and FIG 2, one of either the gate line 37 or the signal line 38, for example, the signal 
line 38 is separated not to be in contact with the other, for example, the gate line 37 at 
the intersection. 
[0027] 

In addition, a gate electrode 39 integrated with the gate line 37 and a drain 
electrode 40 integrated with the signal line 38; an auxiliary capacitor line parallel to the 
gate line 37, which is not shown in the figure, and an auxiliary capacitor electrode 41 
integrated with the auxiliary capacitor line; and a source electrode 42 disposed near the 
gate electrode 39 are each formed on the upper surface of this insulating substrate 36. 
[0028] 

Moreover, a gate insulating layer 43 is stacked over the insulating substrate 36 
in which the gate electrode 39, drain electrode 40, auxiliary capacitor electrode 41, 
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source electrode 42, and the like are formed so as to cover the gate electrode 39, drain 
electrode 40, auxiliary capacitor electrode 41, and source electrode 42. A portion of 
the gate insulating layer 43 corresponding to the upper surface of the drain electrode 40 
and the source electrode 42 and a portion of the gate insulating layer 43 corresponding 
to an edge of the separated signal line 38 at the intersection are each removed by etching 
to be exposed. Accordingly, through holes 44, 45, and 46 for contact are formed. 
[0029] 

Further, reference numeral 47 denotes a semiconductor layer. This 
semiconductor layer 47 is stacked over the gate insulating layer 43 and formed by 
etching in a range covering the gate electrode 39. In addition, an etching protective 
layer 48 is provided in a position corresponding to the central portion of the gate 
electrode 39 over this semiconductor layer 47. Further, an ohmic contact layer 49 is 
stacked over the semiconductor layer 47 including this etching protective layer 48, and 
this ohmic contact layer 49 has an opening 50 for partially exposing the upper surface of 
the etching protective layer 48. 
[0030] 

In addition, reference numeral 51 denotes a pixel electrode. This pixel 
electrode 51 is formed near the source electrode 42 by etching a transparent electrode 
material stacked over the gate insulating layer 43 including the ohmic contact layer 49. 
In addition, according to the above etching, at this time, a connection portion 52 
between the pixel electrode 51, part of the source electrode 42 which is exposed by the 
through hole 45, and the ohmic contact layer 49 are simultaneously formed. Further, a 
connection portion 53 between part of the drain electrode 40 which is exposed by the 
through hole 44 and the ohmic contact layer 49, and also a connection portion 54 
between discontinuance ends which is exposed by the through hole 46 at the 
intersection are each formed. 
[0031] 

Then, a metal layer 55 is stacked in each upper surface of the connection 
portions 52, 53, and 54 except the pixel electrode 51 formed of a transparent electrode 
material, an inorganic protective layer 56 is formed to cover the entire except the pixel 
electrode 51 portion, and an alignment film 57 is stacked to cover the entire including 
the pixel electrode 51. 
[0032] 

Note that a through hole 58 which removed an insulating film formed on an 
upper surface is formed in an external leading out electrode formed on the edge of the 
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insulating substrate 36. 
[0033] 

The second substrate 13 in which an opposite electrode 31 and an alignment 
film 32 are stacked over an opposite substrate 30 such as glass is disposed to face the 
first substrate 35 formed in this manner, and the liquid crystal layer 11 is implanted 
between the first substrate 35 and second substrate 13. Further, the active matrix 
liquid crystal display device is manufactured by providing a polarizing plate 33 in each 
of the external surfaces of the first substrate 35 and second substrate 13. 
[0034] 

Next, a method for manufacturing the first substrate 35 having the above 
structure is described with reference to FIGS. 3 to FIGS. 17. 
[0035] 

First, as shown in FIGS. 3, a molybdenum tantalum (MoTa) alloy film 61 is 
deposited approximately for 2000 angstrom by sputtering over an insulating substrate 
36. 

[0036] 

Thereafter, photoresist is patterned using a first mask which is not shown in the 
figures. As shown in FIGS. 4, a gate line 37, a signal line 38, a gate electrode 39, a 
drain electrode 40, an auxiliary capacitor electrode 41, and a source electrode 42 are 
formed in one etching process by performing CF4-based dry etching. As shown in FIG. 
4 (c), at the intersection of the gate line 37 and the signal line 38, the signal line 38 
which is one thereof is separated not to be in contact with the gate line 37 which is the 
other thereof. 
[0037] 

In this manner, the insulating substrate 36 in which the gate line 37, the signal 
line 38, the gate electrode 39, the drain electrode 40, the auxiliary capacitor electric 41, 
and the source electrode 42 are formed is inserted in a vacuum chamber of a plasma 
CVD (Chemical Vapor Deposition) apparatus which is not shown in the figures. After 
the inner vacuum chamber is vacuum evacuated adequately, the insulating substrate 36 
is heated approximately at 350°C by using a heater panel which is not shown in the 
figure. In this state, a source gas of a gate insulating layer 43 formed of SiN x is 
introduced into the vacuum chamber of the plasma CVD apparatus from a cylinder 
which is not shown in the figures. In other words, silane of 50 seem, ammonia of 200 
seem, and nitrogen of 1000 seem are each introduced into the vacuum chamber as this 
source gas. The pressure in this vacuum chamber is adjusted to 0.5 Ton* and a power 
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density of 0.50 W/cm 2 is applied by using a high-frequency oscillator which is not 
shown in the figures to generate plasma. Accordingly, as shown in FIGS. 5, a gate 
insulating layer film 62 formed of SiN x is stacked over the insulating substrate 36 
approximately for 2000 angstrom. 
[0038] 

In addition, after stacking the gate insulating layer film 62, the gas flown from 
the cylinder is temporary stopped introducing and the inner vacuum chamber of the 
plasma CVD apparatus is vacuum evacuated adequately to heat the insulating substrate 
36 approximately at 300°C by using a heater panel. Thereafter, silane of 200 seem and 
hydrogen of 800 seem which are the source gas of a semiconductor layer 47 formed of 
a-Si are each introduced into the inner vacuum chamber of the plasma CVD apparatus 
from a cylinder corresponding to each gas. The pressure is adjusted to 0.5 Torr and a 
power density of 0.30 W/cm 2 is applied by using the high-frequency oscillator to 
generate plasma. Accordingly, a semiconductor layer film 63 formed of a-Si is stacked 
over the gate insulating layer film 62 of the insulating substrate 36 approximately for 
500 angstrom. 
[0039] 

In this manner, after stacking the semiconductor layer 47 formed of a-Si, the 
gas flown from the bombe is temporarily stopped introducing and the inner vacuum 
chamber of the plasma CVD apparatus is vacuum evacuated adequately to heat the 
insulating substrate 36 approximately at 200°C by using the heater panel. Thereafter, 
silane of 50 seem, ammonia of 200 seem, and nitrogen of 1000 seem which are the 
source gas of an etching protective layer 48 formed of SiNx are each introduced into the 
inner vacuum chamber of the plasma CVD apparatus from a bombe corresponding to 
each gas. The pressure is adjusted to 0.5 Torr and a power density of 1.0 W/cm 2 is 
applied by using the high-frequency oscillator to generate plasma. Accordingly, an 
etching protective layer film 64 formed of SiN x is stacked over the semiconductor layer 
47 of the insulating substrate 36 approximately for 2000 angstrom. 
[0040] 

In this manner, after stacking the etching protective layer 48 formed of SiNx, 
the insulating substrate 36 is taken out from the inner vacuum chamber of the plasma 
CVD apparatus to pattern photoresist by using a second mask. Thereafter, the etching 
protective layer film 64 is etched by etchant, and as shown in FIGS. 6, the etching 
protective layer film 64 is processed in a desired shape so that part thereof remains over 
the gate electrode 39 as the etching protective layer 48. 
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[0041] 

Then, the insulating substrate 36 is placed in the vacuum chamber of the 
plasma CVD apparatus again, and the insulating substrate 36 is heated approximately at 
200°C by using the heat panel after vacuum evacuating this inner vacuum chamber 
adequately. Thereafter, silane of 20sccm, phosphine of 100 seem, and hydrogen of 800 
seem which are the source gas of an ohmic contact layer 49 formed of n-type a-Si are 
each introduced into the inner vacuum chamber of the plasma CVD apparatus from a 
cylinder corresponding to each gas. The pressure is adjusted to 0.5 Torr and a power 
density of 0.60 W/cm 2 is applied by using the high-frequency oscillator to generate 
plasma. Accordingly, as shown in FIGS. 7, an ohmic contact layer film 65 for forming 
the ohmic contact layer 49 formed of n-type a-Si is stacked approximately for 500 
angstrom over the etching protective layer 48 of the insulating substrate 36 and over the 
semiconductor layer 47 in which this etching protective layer 48 is removed by etching. 
[0042] 

In this manner, after stacking the ohmic contact layer film 65 formed of n-type 
a-Si, the insulating substrate 36 is taken out from the inner vacuum chamber of the 
plasma CVD apparatus, and as shown in FIGS. 8, a molybdenum metal film 66 is 
stacked by sputtering approximately for 500 angstrom on the surface of the ohmic 
contact layer film 65. Thereafter, the molybdenum metal film 66 is entirely removed 
by etching using etchant. Accordingly, as shown in FIGS. 9, an alloy layer of silicon 
and molybdenum 67 remains on the surface of the ohmic contact layer 49. 
[0043] 

Next, photoresist is patterned using a third mask. Thereafter, the ohmic 
contact layer film 65 and the semiconductor layer film 63 are etched using etchant, and 
as shown in FIGS. 10, the ohmic contact layer film 65 and the semiconductor layer film 
63 are processed in a desired shape so that the ohmic contact layer 49 and the 
semiconductor layer 47 remain over a predetermined range including the gate electrode 
39. 

[0044] 

Then, photoresist is patterned using a fourth mask. Thereafter, as shown in 
FIGS. 11, the gate insulating layer film 62 over the drain electrode 40 and the source 
electrode 42 is removed by etching by etchant to form through holes 44 and 45 for 
contact. In addition, as shown in FIG 11 (b), the gate insulating layer 43 over an 
external leading out electrode is partially removed by etching to form a through hole 58 
at the same time. Further, in order to expose each edge of the separated signal line 38 
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at the intersection of the gate line 37 and the signal line 38 as shown in FIG 11 (c), the 
gate insulating layer 43 corresponding to these positions is removed by etching to form 
a through hole 46 for contact. 
[0045] 

Next, as shown in FIGS. 12, an ITO (Indium Tin Oxide) film 68 which is a 
material for a transparent pixel electrode 51 is stacked by sputtering on the surface 
thereof approximately for 1000 angstrom. Thereafter, as shown in FIGS. 13, a 
molybdenum-tantalum alloy film 69 is stacked by sputtering on the surface of the ITO 
film 68 approximately for 2000 angstrom. 
[0046] 

Then, photoresist is patterned using a fifth mask. Thereafter, the 
molybdenum-tantalum alloy film 69 and the ITO film 68 are each etched. First, the 
molybdenum-tantalum alloy film 69 is etched by dry etching and then the ITO film 68 
is etched by using etchant in the same pattern. 
[0047] 

Here, according to the etching shape in the same pattern, as shown in FIGS. 14, 
the metal layer 55 formed of the molybdenum-tantalum alloy film and the ITO film 68 
is left near the source electrode 42 as the shape of the pixel electrode 51, a connection 
portion 52 between the pixel electrode 51 and part of the source electrode 42, which is 
exposed by the through hole 45, and the ohmic contact layer 49 is formed, and further a 
connection portion 53 between part of the drain electrode 40 which is exposed by the 
through hole 44 and the ohmic contact layer 49 is formed. However, at this time, the 
portion of the metal layer 55 and the ITO film 68 which is placed over the gate 
electrode 39 is removed by etching. 
[0048] 

In addition, according to the pattern, the molybdenum-tantalum alloy film 69 
and the ITO film 68 is left in the through hole 58 as shown in FIG 14 (b) and a 
connection portion 54 between the discontinuance ends which is exposed by the through 
hole 46 at the intersection is formed as shown in FIG 14 (c). However, it is not 
necessary to leave the metal layer 55 and the ITO film 68 within the through hole 58 
depending on the kind of a metal stacked over the gate line 37 and the pixel electrode 
51. 

[0049] 

Next, as shown in FIGS. 15, the portion of the ohmic contact layer 49 over the 
gate electrode 39 is removed by dry etching to form an opening 50. 
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[0050] 

Further, the insulating substrate 36 is placed again in the inner vacuum 
chamber of the plasma CVD apparatus, and the insulating substrate 36 is heated 
approximately at 200° C by using the heat panel after vacuum evacuating this inner 
vacuum chamber adequately. Thereafter, silane of 50 seem, ammonia of 200 seem, 
and nitrogen of 100 seem which are the source gas of an inorganic protective layer 56 
formed of SiN x are each introduced into the inner vacuum chamber of the plasma CVD 
apparatus from a cylinder corresponding to each gas. The pressure is adjusted to 0.5 
Torr and a power density of 1.0 W/cm 2 is applied by using the high-frequency oscillator 
to generate plasma. Accordingly, as shown in FIGS. 16, the inorganic protective layer 
56 formed of SiNx is stacked over the surface of the insulating substrate 36 
approximately for 2000 angstrom. 
[0051] 

Then, photoresist is patterned using a sixth mask. Thereafter, as shown in 
FIGS. 17, the inorganic protective layer 56 which is formed over the pixel electrode 51 
and the through hole 58, and the metal layer 55 left over the pixel electrode 51 are each 
removed by dry etching. 
[0052] 

Thereafter, as shown in FIGS. 1, an alignment film 57 is formed on the surface 
thereof to complete the first substrate 35. However, although not shown in this 
embodiment, the auxiliary capacitor line which is partially discontinued at the 
intersection of the gate line 37 and the auxiliary capacitor line, and also the auxiliary 
capacitor line which is partially discontinued at the intersection of the signal line 38 and 
the auxiliary capacitor line, are formed by employing the same structure as the 
intersection of the gate line 37 and the signal line 38. 
[0053] 

In this manner, the first substrate 35 which is a main portion of the active 
matrix liquid crystal display device is manufactured, and six masks are used in the 
manufacturing process. Of course, five masks are used in a thin film transistor without 
the etching protective layer 48 as well as the conventional active matrix liquid crystal 
display device. Even in the case of a thin film transistor having the etching protective 
layer 48, five masks are used as well when the ohmic contact layer 49 is formed by an 
ion implantation method. In any cases, the number of masks to be used is less by one 
compared with the conventional active matrix liquid crystal display device. Therefore, 
a manufacturing cost including a material cost and a personnel cost decreases and 
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tendency to cause a defect due to the failure of the PEP or dust is also decreased; 

therefore, the yield and productivity are increased. 

[0054] 

Then, Table 1 shows characteristics of an amorphous silicon thin film transistor 
Al, in other words, the electric field effect mobility and threshold voltage of the active 
matrix liquid crystal display device manufactured in the above manner. Note that 
characteristics of an amorphous silicon thin film transistor A2 employing a structure and 
a manufacturing method which is the same as the conventional one is also shown for 
comparison. 
[0055] 
[Table 1] 





Electric Field 
Effect Mobility 
(cm 2 /VS) 


Threshold 
Voltage 
(V) 


Amorphous Silicon Thin Film Transistor 
according to Embodiment 


0.51 


3.52 


Conventional Amorphous Silicon 
Thin Film Transistor 


0.53 


3.40 



As apparent from Table 1, the amorphous silicon thin film transistor used for 
the active matrix liquid crystal display device according to the above embodiment also 
has substantially the same characteristics as the conventional one. In other words, the 
amorphous silicon thin film transistor used for the device according to the above 
embodiment can reduce the number of masks to be used by one and can obtain the same 
transistor characteristics compared with the conventional active matrix liquid crystal 
display device. 
[0056] 

[Effect of the Invention] 

According to an active matrix liquid crystal display device according to the 
present invention, a gate line, a signal line, a gate electrode, a drain electrode, an 
auxiliary capacitor line, an auxiliary capacitor electrode, and a source electrode are 
formed by etching in one layer over an insulating substrate. At the intersection of the 
gate line and the signal line, one that intersects is separated not to be in contact with the 
other and covered with a gate insulating layer. Thereafter, a through hole is formed in 
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each of a portion corresponding to the gate electrode and the source electrode and a 
portion corresponding to an edge of the separated line. During the formation of a pixel 
electrode, the source electrode is connected to the pixel electrode, the gate electrode and 
the source electrode are connected to a portion corresponding to an ohmic contact layer, 
and the separated lines are connected to each other by using a pixel electrode material. 
Accordingly, the number of etching times can be reduced and a manufacturing cost 
including a material cost and a personnel cost is reduced and tendency to cause a defect 
is decreased; therefore, the yield is improved. 
[Brief Description of Drawings] 

FIGS. 1 are cross-sectional views each showing one embodiment of an active 
matrix liquid crystal display device according to the present invention. 

(a) pixel portion 

(b) external leading out electrode portion 

(c) intersection portion 

FIG 2 is a plan view at the intersection portion shown in the above FIG 1 (c). 
FIGS. 3 are cross-sectional views each showing one manufacturing process of 
a main portion of the active matrix liquid crystal display device. 

(a) pixel portion 

(b) external leading out electrode portion 

(c) intersection portion 

FIGS. 4 are cross-sectional views each showing the next manufacturing process 
of the main portion of the active matrix liquid crystal display device in FIG. 3. 

(a) pixel portion 

(b) external leading out electrode portion 

(c) intersection portion 

FIGS. 5 are cross-sectional views each showing the next manufacturing process 
of the main portion of the active matrix liquid crystal display device in FIG. 4. 

(a) pixel portion 

(b) external leading out electrode portion 

(c) intersection portion 

FIGS. 6 are cross-sectional views each showing the next manufacturing process 
of the main portion of the active matrix liquid crystal display device in FIG. 5. 

(a) pixel portion 

(b) external leading out electrode portion 

(c) intersection portion 
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FIGS. 7 are cross-sectional views each showing the next manufacturing process 
of the main portion of the active matrix liquid crystal display device in FIG 6. 

(a) pixel portion 

(b) external leading out electrode portion 

(c) intersection portion 

FIGS. 8 are cross-sectional views each showing the next manufacturing process 
of the main portion of the active matrix liquid crystal display device in FIG. 7. 

(a) pixel portion 

(b) external leading out electrode portion 

(c) intersection portion 

FIGS. 9 are cross-sectional views each showing the next manufacturing process 
of the main portion of the active matrix liquid crystal display device in FIG. 8. 

(a) pixel portion 

(b) external leading out electrode portion 

(c) intersection portion 

FIGS. 10 are cross-sectional views each showing the next manufacturing 
process of the main portion of the active matrix liquid crystal display device in FIG 9. 

(a) pixel portion 

(b) external leading out electrode portion 

(c) intersection portion 

FIGS. 11 are cross-sectional views each showing the next manufacturing 
process of the main portion of the active matrix liquid crystal display device in FIG 10. 

(a) pixel portion 

(b) external leading out electrode portion 

(c) intersection portion 

FIGS. 12 are cross-sectional views each showing the next manufacturing 
process of the main portion of the active matrix liquid crystal display device in FIG 11. 

(a) pixel portion 

(b) external leading out electrode portion 

(c) intersection portion 

FIGS. 13 are cross-sectional views each showing the next manufacturing 
process of the main portion of the active matrix liquid crystal display device in FIG 12. 

(a) pixel portion 

(b) external leading out electrode portion 

(c) intersection portion 
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FIGS. 14 are cross-sectional views each showing the next manufacturing 
process of the main portion of the active matrix liquid crystal display device in FIG. 13. 

(a) pixel portion 

(b) external leading out electrode portion 

(c) intersection portion 

FIGS. 15 are cross-sectional views each showing the next manufacturing 
process of the main portion of the active matrix liquid crystal display device in FIG 14. 

(a) pixel portion 

(b) external leading out electrode portion 

(c) intersection portion 

FIGS. 16 are cross-sectional views each showing the next manufacturing 
process of the main portion of the active matrix liquid crystal display device in FIG 15. 

(a) pixel portion 

(b) external leading out electrode portion 

(c) intersection portion 

FIGS. 17 are cross-sectional views each showing the next manufacturing 
process of the main portion of the active matrix liquid crystal display device in FIG 16. 

(a) pixel portion 

(b) external leading out electrode portion 

(c) intersection portion 

FIGS. 18 are cross-sectional views each showing a conventional active matrix 
liquid crystal display device. 

(a) pixel portion 

(b) external leading out electrode portion 
[Description of the References Symbols] 

11. liquid crystal layer, 13. second substrate, 31. opposite electrode, 35. first substrate, 
36. insulating substrate, 37. gate line, 38. signal line, 39. gate electrode, 40. drain 
electrode, 41. auxiliary capacitor electrode, 42. source electrode, 43. gate insulating 
layer, 47. semiconductor layer, 49. ohmic contact layer, 50. opening, 51. pixel electrode, 
52, 53, 54. connection portion, 56. inorganic protective layer 
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